The aim of this work: To differentiate orbital lymphoma, non-specific orbital inflammation (NSOI) and orbital cellulitis using DWI & ADC, as there is marked clinical overlap in the diagnosis of these three orbital conditions. Material and methods: Twenty-five cases chosen from attendants of the outpatient clinic of the Ophthalmology Department of Zagazig University Hospitals with different orbital pathologies presenting with orbital inflammatory signs and/or proptosis were all examined with conventional MRI sequences then functional DWI and ADC map and values were performed. Results: Six cases (6/25) were diagnosed as orbital lymphomas (24%), 14 cases (14/25) NSOI (formerly known as orbital inflammatory syndrome) (56%) and 5 cases (5/25) as orbital cellulitis (20%), in DWI the greater the restriction was detected in lymphomas, followed by NSOI and lastly with orbital cellulitis and ADC values ranging from 0.6 to 0.9 · 10 À3 mm 2 /s for lymphoma, 1.1 to 1.3 · 10 À3 mm 2 /s in NSOI and 1.5 to 1.7 · 10 À3 mm 2 /s in orbital cellulitis.
Conclusion: DWI & ADC can differentiate orbital lymphoma from NSOI and orbital cellulitis and help rapid management.
Ó 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
Introduction
Diffusion weighted image (DWI) and apparent diffusion coefficient (ADC) are promising magnetic resonance imaging techniques that may help to distinguish different orbital pathologies including benign and malignant lesions (1) . Because orbital cellulitis is a life-threatning condition, therefore urgent imaging modalities are indicated to assess the anatomic extent of the disease (2) .
DW imaging has been increasingly used to differentiate and to characterize different head and neck lesions (1) , DW is predominantly applied for acute ischemic infarcts revealing high signal intensity on DW and low signal on apparent diffusion coefficient (ADC) (3) (4) (5) .
Orbital cellulitis with abscess formation shows restricted diffusion pattern on DW due to viscosity and dense cellular packing of the purulent materials within the central cavitations (6, 7) . Within the central abscess cavity, the DWI shows high signal intensity associated with low signal intensity on ADC representing diffusion restriction, this is an important finding differentiating the abscess cavity from peripherally enhanced lesions like necrotic tumors in which there is free facilitated diffusion (7, 8) .
So when the orbital lesions displayed cystic patterns, it is essential to differentiate whether this cyst is an abscess cavity or cystic necrotic tumor and the conventional MR even with contrast cannot clearly depict the pathology, so the new MR imaging techniques like DWI that depend on molecular motion of water can be used with standard MR examination of the orbit (1,3).
Material and methods
Twenty-five cases were chosen from attendants of the outpatient clinic of the Ophthalmology Department of Zagazig University Hospitals, with different orbital pathologies presenting with orbital inflammatory signs and/or proptosis.
All cases were subjected to thorough history-taking and careful ophthalmological examination including best-corrected visual acuity, degree and direction of proptosis, IOP measurement and fundus examination. All these patients (25) were subjected to the following MRI sequences at the MR unit of the Radiology Department of Zagazig University Hospitals:
(1) Axial T1WI (TR 148-597/TE 2-15).
(2) Axial T2WI (TR 4400-4800/TE 110).
(3) Post-contrast T1WI with or without fat suppression sequence. (4) Diffusion weighted image (DWI) for all patients:
The patient's position was the same examining position of the brain MRI in the supine position with head coil. (5) ADC maps were automatically calculated by MRI machine software and included in the sequence. * Post-processing of DWI: region of interest (ROI) was selected in the area of the lesion.
Results
Twenty-five patients with different orbital pathologies were included in this study (16 males and 9 females), their age ranged from 7 to 65 years. They included 6 cases (24%) with orbital lymphoma, 14 cases (56%) with non-specific orbital inflammation (NSOI) and 5 cases (20%) with orbital cellulitis.
Fig. 2 (continued)
All patients were subjected to conventional MRI with contrast and in all cases, DWI and ADC values were calculated using the MR software.
In our lymphoma patients (6 cases), 2 cases were bilateral and 4 cases were unilateral, of these 6 cases, 5 cases showed iso-intense signal at T1WI and 1 case revealed intermediate signal at T1WI, 4 cases showed high signal at T2WI and 2 cases showed intermediate signal at T2WI compared with the signal intensity of the extra-ocular muscles.
The most common pathology encountered in the present study was non-specific orbital inflammation (NSOI) in 14 cases; of these 14 cases, 10 cases revealed iso-intense signal at T1WI and 4 cases had intermediate signal at T1WI, while all 14 cases showed hyper-intense signal at T2WI. In cases of ADC value of 1.66 · 10 -3 mm 2 /s. orbital cellulitis, 3 cases revealed diffuse affection and 2 cases revealed well-formed abscess cavities; all cases of orbital cellulitis showed iso-intense signal at T1WI and hyper-intense signal at T2WI.
Analysis of DWI and ADC in the present study was classified as either free or restricted diffusion, free diffusion showed low signal intensity at DWI (b = 1000) and restricted diffusion showed high signal intensity at DWI (b = 1000)
In the 6 lymphoma patients, restricted diffusion was detected ( Fig. 1 ). In patients with NSOI, 10 cases showed high signal intensity (restricted diffusion) and 4 cases had free diffusion and displayed low signal at DW (b = 1000) (Fig. 2) .
In orbital cellulitis cases, 3 cases showed high signal intensity at DW (b = 1000) denoting restricted diffusion including the 2 cases of well-formed abscess cavities and the other 2 cases showed free diffusion (Fig. 3) .
The ADC values ranged from the lowest value at lymphoma patients (6 cases) (0.6-0.9 · 10 À3 mm 2 /s), to the highest value at orbital cellulitis (1.5-1.7 · 10 À3 mm 2 /s) and the intermediate value of non-specific orbital inflammation (1.1-1.3 · 10 À3 mm 2 /s).
The most common provisional diagnosis in the present study was non-specific orbital inflammation (NSOI) (14 cases representing 56%). Two cases out of 14 cases were falsely diagnosed as NSOI and proved to be cellulitis based on the clinical course and response to management.
In the present study orbital cellulitis was provisionally diagnosed in 5 cases (20%). On subsequent follow-up, 1 case proved to be falsely diagnosed and proved to be NSOI also at the background of clinical course and response to treatment.
On the other hand all suspected cases of orbital lymphoma were subjected to biopsy and proved histopathologically to be lymphoma (NHL) ( Table 1) .
Discussion
Proptosis remains the commonest indication for an ophthalmologist to order neuro-imaging. The two commonly used orbital imaging techniques are computed tomography and MRI. It is often unclear whether a cystic lesion is a tumor or an abscess with conventional MRI techniques. Orbital imaging techniques continue to evolve and improve, e.g. diffusion weighted imaging (DWI) (1, 2) .
Clinically, it may be so difficult to differentiate orbital cellulitis from non-specific orbital inflammation (previously termed idiopathic orbital inflammatory syndrome). Serious complications may be encountered in either condition. The need to rapid, accurate and also non-invasive diagnostic tools is of paramount importance (1) .
Histopathology is of course very helpful. But adding complexity to the situation, obtaining orbital samples for histopathology usually requires a major surgery (orbitotomy). Another issue complicating the situation is that clinical, radiological and histopathological results are not always parallel (9, 10) .
DWI is a new MRI modality that can help rapid and accurate diagnosis of different orbital pathologies and proved to be highly significant in rapid diagnosis of life-threatening conditions like orbital cellulitis and nowadays it is considered a valuable modality that can eliminate the need for I.V. contrast materials that recently proved to cause nephrogenic systemic fibrosis in patients with renal failure (11) .
DWI can be used confidently in diagnosing orbital abscesses even without the use of the questionable I.V. contrast materials, but when the well-formed abscess cavity that complicates orbital cellulitis is not present, the DWI can be less accurate in diagnosis because the presence of magnetic susceptibility effect that can make artifacts. So the use of ADC values can help in fast and safe discrimination of the different orbital pathologies (12) .
The CT and the conventional MR sequences using T1 and T2WI images and even after contrast administration cannot clearly differentiate non-specific orbital inflammation (NSOI), orbital cellulitis and orbital lymphomas. Search for more yielding diagnostic tools is justified (1) .
As regards the present study, clinical diagnosis was orbital lymphoma in 6 cases (24%) (unilateral in 4 cases and bilateral in 2 cases). The lymphoid lesions displayed high signal intensity at T2WI in 4 cases and were intermediate signals in 2 cases compared with the related extra-ocular muscles. These results were similar to Kapur et al. (1) , who described the signal intensity in relation to the extra-ocular muscles instead of the retroorbital fat at previous literatures and they found that the signal intensity ranges from iso-to hyper-intense at T2WI.
All our suspected lymphoma cases were histopathologically assessed and masses were obtained through orbitotomies. All cases proved histopathologically to be non-Hodgkin lymphomas.
Histopathology revealed a complete match between clinical and radiological diagnoses in 100% of the cases.
The most common clinical provisional diagnosis in the present study was non-specific orbital inflammation (NSOI) (14 cases representing 56%). Two cases out of 14 cases were falsely diagnosed as NSOI and proved to be cellulitis based on the clinical course and response to management.
Radiologically, the most common lesion characteristics were iso-intense signal at T1WI in 10 cases and hyper-intense signal at T2WI in 14 cases. Similar findings were evaluated by Kapur et al. (1) , while the series of 74 retrospective cases analyzed by Sepahdari et al. (2) described the most common signal intensity at T2WI to be hypo-intense due to dense cellular packing and fibrosis.
In the present study, orbital cellulitis was diagnosed in 5 cases (20%). On subsequent follow-up, 1 case proved to be falsely diagnosed and proved to be NSOI also at the background of clinical course and response to treatment. The signal intensities were iso-intense signals at T1WI in all cases and high signals at T2WI in all cases.
In the present study, we analyzed the DWI and the ADC according to the free or restricted diffusion, 76% of the cases (19/25) showed hyper-intense signal at DWI b = 1000. In all 6 lymphoma patients, we noticed hyper-intense signal at DWI and the ADC value ranged from 0.6 to 0.9 · 10 À3 mm 2 /s, with a mean of 0.75 · 10 À3 mm 2 /s, these finding were similar to Sepahdari et al. (2) , who concluded that the optimal threshold ADC value for differentiating benign from malignant lesion was less than 1.0 · 10 À3 mm 2 /s and in another series of Roshdy et al. (12) the ADC values for their 2 lymphoma patients ranged from 0.37 to 0.99 · 10 À3 mm 2 /s.
In our 14 cases of NSOI, 10 cases showed high signal at DWI denoting restricted diffusion; however, facilitated diffusion was seen in 4 cases, concluded that in comparison to the lymphoma patients, less restricted diffusion was noticed in NSOI. The ADC value of the NSOI patients ranged from 1.1 to 1.3 · 10 À3 mm 2 /s a mean of 1.2 · 10 À3 mm 2 /s compared with the high values of 1.71 · 10 À3 mm 2 /s in the series of Roshdy et al. (12) .
In the present study, the highest ADC values were noted in the cases of orbital cellulitis and ranged from 1.5 to High SI in 6 cases +++ ADC Range (mm 2 /s) 1.1-1.3 · 10 À3 1.5-1.7 · 10 À3 0.6-0.9 · 10 À3 Mean (mm 2 /s) 1.2 ± 0.1 · 10 À3 1.6 ± 0.1 · 10 À3 0.75 ± 0.15 · 10 À3 +, mildly hyper-intense. ++, moderately hyper-intense. +++, markedly hyper-intense.
1.7 · 10 À3 mm 2 /s with a mean of 1.6 · 10 À3 mm 2 /s and the restricted diffusion was seen at the well-formed small abscess cavities in 3 cases. The difference in diffusion restriction was explained by Kapur et al. (1) , according to the difference in cellularity, necrosis and perfusion.
Conclusion
The routine conventional MRI cannot clearly differentiate the different orbital pathologies and the risk of contrast material and the biopsy, make the use of DWI and the ADC increasingly aiming at rapid, non-invasive, accurate and safe discrimination of the three overlapping orbital conditions, lymphoma, NSOI and cellulitis. Larger studies on more patients are recommended.
